As a peculiar folk medicinal plant, Acanthopanax brachypus was widely used to treat various diseases in China. At present, however, there is not a good quality standard for its quality evaluation. In this study, on the basis of the validation tests of precision, stability and repeatability, the chromatographic fingerprint of A. brachypus was established by using gas chromatography (GC)-flame ionization detector (FID) and GC -MS techniques, as well as computer aided similarity evaluation system. Thirty-two different batches of samples collected from the different producing regions and the different parts of A. brachypus were studied. The results showed that the dominant constituents of all oils were monoterpenes and sesquiterpenes, as well as oxygenated monoterpenes and sesquiterpenes. The fingerprinting profiles were found to be consistent for the fresh stem bark acquired from various production areas, 48 common peaks were determined, but the relative abundance of peaks was varied.
Introduction
Traditional Chinese medicines (TCMs) and their preparations have a long history in medical practice and health care, especially in Asia. Due to the effective therapeutic performance, TCMs have attracted considerable attention in many fields. According to Chinese medicine theory, the whole components in crude herbs are responsible for the beneficial medicinal effects, which make the quality control of herbal products very difficult. Traditionally, one or two markers or active components in herbs or herbal mixtures are used to assess the authenticity and quality of the complex TCMs. This strategy has been proved to be insufficient for the quality control of TCMs and their preparations because it does not evaluate all chemical components present in the chromatographic profile (1) . Therefore, the key issue for rapidly developing TCM is to establish an rapid and efficient quality assessment system for TCM. With the development of analytical technique, chromatographic fingerprint has commonly accepted by the World Health Organization and Drug Administration Bureau of China as a strategy for the authentication and quality evaluation of TCMs. Among numerous chromatographic technologies, capillary electrophoresis, gas chromatography (GC) and high-performance liquid chromatography have been widely used because their emphasize on the systematic characterization of composition, identification and evaluation of samples stability (2) . Of course, due to the powerful separation efficiency and the sensitive detection, GC -MS fingerprint is commonly used for characterization and is a particularly useful approach in the identification of the volatile organic components in TCMs.
Acanthopanax species belonging to the Araliaceae family includes 37 species (excluding variety) around the world, is widely distributed in the temperate regions of the Northern Hemisphere, mainly in far East-Asian countries. China and South Korea are the countries with the largest number of representatives, and about 26 species and 18 varieties grow in mainland China (3, 4) . The root and stem bark of Acanthopanax species have traditionally been used for a long time as tonic and sedative, as well as for the treatment of rheumatoid arthritis, diabetes mellitus, chronic bronchitis, hypertension, ischemic heart disease and gastric ulcer (5, 6) , and are popularly used as a health supplement in China and Korea (7) . Acanthopanax brachypus is a small perennial deciduous shrub up to 1 -2 m high, narrowly distributing in the loess plateau of the northwest of China (north latitude 35-408, east longitude 105 -1108, altitudes 1100 -1750 m), mainly in Liupanshan, Ziwuling and Northern Shannxi (Figure 1) . A. brachypus is endemic and endangered species in China due to overharvesting and loss of habitat through deforestation (8) , and also a peculiar folk medicinal plant. Studies have shown that its root and stem bark is efficient in invigorating the liver and kideny, replenishing the vital essence, soothing the nerves, dispelling rheumatism, and strengthening tendons and bones (9) . In addition, its rhizome extract has been used for the treatment of neurasthenic, male sexual dysfunction, secondary hypertension, hypotension and leucopenia disease, also has the function of cancer prevention and anti-cancer (10) . The alcohol extract of bark has anti-inflammatory action, and also inhibits adjuvant arthritis, as well as I, II and III type allergic inflammation. Nowadays, the different parts of A. brachypus, such as the root, stem bark, leaf and flower, are employed for various therapeutic purposes in China (11) . Phytochemical studies on A. brachypus revealed that it contained essential oil, flavonoids, coumarins, triterpenoids, amino acids, and so on. Some compounds such as (2)-pimara-9(11),15-dien-19-oic acid, (2)-kaur-16-en-19-oic acid, 6,7,10-trihydroxy-8-octadecenoic acid, succinic acid, evernic acid, orcinol-O-b-D-glucopyranoside, vanillin, paeonol, methyl gallate, salicylic acid, vanillic acid, syringic acid, p-coumaric acid, caffeic acid, betulinic acid and chlorogenic acid had been isolated from the stem barks of A. brachypus (12) . As the major bioactive constituent, the essential oil has potential in medical procedures and applications in the pharmaceutical, cosmetic and food industry (13) . However, to the best of our knowledge, there are no reports on the chemical fingerprint of A. brachypus up to now. In this regard, the present study seeks to establish the chracteristic GC-MS fingerprint of A. brachypus for distinguishing the substitute or adulterant, and further assessing the differences of A. brachypus grown in various areas of China.
Experimental

Materials and reagents
All solvents were of analytical grade (Xi'an Chemical Plant, China). Water was obtained from a BDP-T Utra-pure water system (Nanjing Quankun Bio-Technology Limited Company, China). Representative samples were collected from three main distribution of A. brachypus (Figure 1) Fresh samples were lyophilized and analyzed according to the different medicinal parts (leaf, stem bark and root). All samples were ground to fine powder with particle size of 40 mesh, and stored at about 48C before use.
Instrumentation and conditions
The GC -FID analysis was performed on a Hewlett-Packard model 6890 gas chromatograph equipped with an FID. The GC -MS analysis was carried out in a Hewlett-Packard model 6890 gas chromatograph coupled with a Hewlett-Packard model 5973 mass detector. The 77530-freeze-dryer was purchased from Labconco Corporation (USA).
The Software Computer Aided Similarity Evaluation System, which was coded in Mattlab 6.5 (Math Work Co.), was employed to calculate correlation coefficients, then to generate simulative mean chromatograms.
Sample preparation
The essential oils were prepared according to the Chinese Pharmacopeia (14) . Fresh samples (250 g) were submitted to hydrodistillation for 4.5 h using a Clevenger-type apparatus with 2 L of double distilled water ( previously saturated with NaCl). The essential oils were extracted from the above oil -water mixture (saturated with NaCl) with diethyl ether (2 Â 200 mL), respectively, dried over anhydrous Na 2 SO 4 , then removed the solvent carefully in a rotavapor at 378C. The essential oils were stored in sealed glass tubes at 248C in the dark until further analyzed. The yield of the essential oils was determined by the gravimetric method.
Analytical condition
The same fused silica capillary column HP-5MS (5% phenyl methylpolysiloxane, 30 m Â 0.25 mm i.d., film thickness 0.25 mm) was used for the GC-FID and GC-MS analyses. Same temperature program: initially, 508C for 1 min; then, increased to 1008C at a flow rate of 18C/min, after that, a further increase at 48C/min to 2808C, which was maintained for 10 min. Split injection was conducted with the split ratio of 60:1 for the GC-FID analysis and 40:1 for the GC-MS analysis. Helium (purity 99.999%) was used as the carrier gas at a flow rate of 1.0 mL/min, with the volume of injection as 1.0 mL. The mass spectrometer was operated in electron-impact (EI) mode, the scan range was 35-450 m/z, and the scan rate was 0. 
Data analysis of chromatogram
By means of GC -FID and GC -MS techniques, the gas chromatogram and mass spectrogram of the essential oils were achieved (Figures 2 and 3) . Components of the oil were analyzed and identified based on comparison of (a) GC retention times and indices with those of authentic samples and/or published data (15), (b) the MS fragmentation pattern with pure compounds and/or corresponding data in the literature (16, 17) and/or computer mass spectra libraries (Wiley 138K and NIST 2008) . A standard solution of n-alkanes (C 6 -C 30 ) was used to obtain the retention indices (18, 19) . The correlation coefficients of entire chromatographic patterns among samples were calculated, and the simulative mean chromatogram was generated using the Computer Aided Similarity Evaluation System. Similarities of the entire chromatographic profiles were analyzed among tested samples.
Methodology validation
To obtain a stable and reproducible chromatographic fingerprint of A. brachypus for quality assessment, a comprehensive method validation for fingerprint analysis was performed on the basis of relative retention times (the ratios of the retention times of the peaks of the common constituents to that of a reference standard, relative retention time, RRT) and relative peak areas (RPAs the ratios of the areas of the peaks of the common constituents to that of a reference standard, RPA) (20) . b-Pinene (Peak 6) was assigned as the reference peak because of its highest content, relative stability and definite applications (21 -23) . The RRT and RPA of 48 characteristic peak to reference peak were (Table I) . The values of RPA are expressed as mean + SD. The reproducibility was evaluated by analysis six independently samples over the period of investigations. The relative standard deviations (RSDs) of RRT and RPA were found to be ,0.12% and 3.01% (n ¼ 6), respectively. The precision was assessed by replicate injection of the same sample six times in a day, the values of RSDs for RRT and RPA were ,0.06% and 2.78% (n ¼ 6), respectively. Stability testing was performed with a freshly prepared ether solution of fresh sample over a period of 24 h, the RSDs of the RRT and RPA were found to be ,0.15% and 2.91% (n ¼ 6), respectively. The test results are listed in Supplementary data, Table SII. These results indicate that the developed methodology is precise, sensitive and reliable, and applicable for establishing GC -MS fingerprint of A. brachypus.
Results and discussion
Chemical composition of the essential oils Comparison of the composition of the essential oils from different parts of A. brachypus showed that the dominant constituents of all oils were monoterpenes and sesquiterpenes, as well as oxygenated monoterpenes and sesquiterpenes, which were in accordance with most Acanthopanax plants (11) . The oil from fresh stem bark is rich in b-pinene, linalool, p-cymene, spathulenol, camphene, endo-borneol, verbenone, b-caryophyllene, gterpinene, germacrene-D, camphor, b-thujone and b-cadinene. p-Cymene, a-guaiene, b-pinene, linalool, endo-borneol, g-terpinene, camphene, germacrene-D, verbenone, b-cadinene and spathulenol were the major constituents of the fresh leaf oil. b-Caryophyllene, palmitoleic acid, limonene, b-pinene, verbenone, globulol, caryophyllene oxide, camphene and spathulenol were the major constituents of the fresh root oil, whereas limonene, b-pinene, a-bisabolol, d-elemene, (E, E)-farnesol, p-cymene, endo-borneol, b-caryophyllene, b-terpineol and a-cadinol were the major constituents of the dry stem bark oil. However, the constituents of the essential oils from the fresh root and dry stem bark were less than those from the fresh stem bark and leaf, only 13 of 48 constituents were in common (such as b-pinene, limonene, verbenone, b-thujene, linalool, b-caryophyllene, caryophyllene oxide, palmitoleic acid and spathulenol), and their RPA values were also different. And can be seen from the above analysis, as the principal constituents of A. brachypus oil, linalool, b-pinene, limonene, verbenone, b-thujene, b-caryophyllene, caryophyllene oxide and spathulenol have important pharmacological activities, which are in accordance with the medicinal effects of A. brachypus.
GC-MS fingerprint of fresh A. brachypus
To establish a representative chromatographic fingerprint of fresh A. brachypus, 10 authentic batches of fresh sample acquired from Ziwuling (major production area in Gansu Province, PR China) (Z-1 to Z-10) were analyzed using GC-FID and GC -MS techniques. Individual results indicated that their chromatographic patterns were generally consistent to one another, although there existed some variations in peak abundance ( Figure 3) . The correlation coefficient of each chromatogram to their simulative mean chromatogram was found to be 0.971 + 0.041 (mean + SD, n ¼ 10).
Among the 10 acquired chromatograms, peaks having matched RRT with a reasonable abundance of RPA were chosen and assigned as common peaks for representing the characteristics pattern of fresh A. brachypus. Altogether, 48 common peaks were located in the chromatograms (Figure 2 ).
Comparative analysis of chromatographic fingerprints of fresh A. brachypus among various sources Samples collected from Ziwuling (ZWL-1 to ZWL-10), Liupanshan (LPS-1 to LPS-8) and Northern Shaanxi (NS-1 to NS-8) of PR China were analyzed under the same experimental conditions. The correlation coefficient between each chromatogram and respective simulative mean chromatogram was 0.971 + 0.041 (n ¼ 10, from ZWL), 0.967 + 0.008 (n ¼ 8, from LPS) and 0.973 + 0.067 (n ¼ 8, from NS), respectively. In general, their chromatographic fingerprinting profiles were highly similar to each other within the same source. However, the correlation coefficients among various sources were significantly different. Their correlation coefficients with respect to the simulative mean chromatogram were evaluated as 0.712 (ZWL vs. LPS), 0.825 (ZWL vs. NS) and 0.693 (LPS vs. NS).
Comparing the chemical components in various production areas, the contents of compounds 9 and 16 were found to be highest in ZWL. The peak area of compound 16, for example, in ZWL (RPA value, 0.25 + 0.041 for fresh stem bark, 0.37 + 0.068 for fresh leaf ) was four times higher than that of LPS (RPA value 0.06 + 0.029), and about five times higher than that of NS (RPA value 0.05 + 0.029). On the other hand, the contents of compounds 7, 10, 26, 33 and 34 were found to be highest in the sample from LPS, the RPA values were 0.82 + 0.030, 0.95 + 0.028, 0.97 + 0.110, 0.36 + 0.026 and 0.64 + 0.024, respectively. It was observed that the RPA of compound 26 in the LPS sample (0.97 + 0.110) was 12 times higher than that from ZWL (0.08 + 0.032), and 16 times higher than that from NS (0.06 + 0.023). In contrast, the content of compounds 11, 15 and 42 was found to be highest in the NS samples, with the peak area generally sextupled that from other sources, the RPA values reached 1.72 + 0.013, 0.48 + 0.034 and 0.65 + 0.026, respectively. In this regard, fresh A. brachypus of different production areas can be distinguished by comparing the relative contents of compounds 15, 16 and 26. The result of quantitative analysis of those 48 chemical components is given in Table I .
Comparison of chromatographic fingerprint among various medicinal parts of A. brachypus
Chromatographic fingerprinting can be applied in the differentiation of various medicinal parts of A. brachypus. A batch of samples from Ziwuling was divided into various medicinal parts, namely fresh stem bark, fresh leaf, fresh root and dry stem bark. Representative fingerprints and a list of the corresponding chemical compounds are given in Figure 3 and Table I, chemical compounds observed in various medicinal parts, the contents of compounds 11, 18, 19, 30, 31, 32 and 37 were found to be highest in the leaf portion. Among these compounds, the RPA of compound 30 was almost six times more abundant than that in other medicinal parts. On the other hand, the level of compounds 10, 23, 29, 40, 41 and 46 were found to be highest in the root. The corresponding RPAs of compounds 46 and 29 in the root were about eight and six times higher than that in the stem bark, and RPA of compound 29 was about 20 times higher than that in the leaf. The results indicated that the fresh stem bark and leaf possessed high similarity in terms of overall chemical components. In contrast, the root possessed low similarity with the stem bark. RRT and RPA are the ratio of retention time and peak area of each characteristic peak with reference to Peak 6 (reference peak). The values of RPA are expressed as mean + SD. The correlation coefficient between simulative mean chromatograms.
Comparing the fingerprinting profiles and chemical components between the fresh and dry stem bark ( Figure 2 and Table I ), the contents of compounds 13, 41 and 44 were higher for the former, with the RPA generally five times higher than that of the dry counterpart. In contrast, the contents of compounds 8, 10, 33 and 43 were higher in the dry form with the RPA of compound 43 almost 15 times higher than that in the fresh. It is worth noting that compounds 4, 11, 16, 20, 21, 22 and 30 were not observed in the dry stem bark, but were present in considerable abundance in the fresh counterpart. To sum up, the fresh and dry stem bark of A. brachypus from Ziwuling possessed similar fingerprinting profiles. However, there existed drastic differences in terms of chemical composition and the corresponding quantities. These differences can probably be attributed to the loss or decomposition of various components during the drying process (24, 25) .
Conclusion
The established GC-MS fingerprinting technique of A. brachypus provided a facile means to evaluate the variety of chemical constituents and the quality of this medicinal plant. By comparing the fingerprints, fresh A. brachypus acquired from different production areas possessed drastic differences in chemical components. This implies that the choice of production area should be carefully considered in order to maintain a consistent production of quality material. Besides, the fingerprinting profiles among different parts of the fresh samples possessed limited similarities to each other. It also revealed that the distribution of chemical compounds varied among those medicinal parts of fresh A. brachypus. Traditionally, the root was used as the medicinal part. However, the stem bark of A. brachypus was reported to have multifarious medicinal function. Nowadays, a variety of tonic drinks with stem bark as a component have been proved effectively (11) . Comparing the fingerprints of dry and fresh stem bark of A. brachypus, the number of chemical components for the latter was always more abundant than the former, as well as some bioactive components in particular compounds 13, 41 and 44 are always higher in content. Although, practically, it is difficult to use fresh A. brachypus in clinical application, preservation methods should nonetheless be developed with an aim to facilitate and popularize the use of these fresh medicinal materials.
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